Rice-duck integrated farming is an effective step under today's sustainable development background. To make better economic and ecological benefits, a rice-duck agroecosystem is established and kept, in which the paddy field, rice, and the duck mutually promote one another. But the duck density and complex stocking time must be rationally selected. Aiming to attain quantitative assessment and optimal selection of the duck density and complex stocking time in this kind of systems, a methodology based on proposed mathematical models in terms of comparative economic and ecological benefits is addressed. Then the models are solved by a hybrid intelligent algorithm NN-GA that integrates the Neural Networks (NN) and Genetic Algorithm (GA), making use of the fitting ability in nonlinear fitness context of Neural Networks and the optimization ability of the Genetic Algorithm. Besides, numerical examples are demonstrated in order to test the proposed models. Results reveal that the methodology is reasonable and feasible.
Introduction
Nowadays, the sustainable development has been a hotspot issue and there is a growing concern on high crop production because of its high cost of pesticides and expensive fertilizers and on their corresponding forms of environmental pollution [1] . Besides, due to rice cultivation, greenhouse gases are emitted from the rice field as by-products, including CH 4 , CO 2 , and N 2 O [2] . Rice-duck integrated farming is such an effective way that an agroecosystem is established and kept to reduce the dosage of pesticides, herbicides, and chemical fertilizers, to reduce the fluxes of greenhouse gas emission and to improve the quality of rice and duck products. In a rice-duck integrated ecosystem, the paddy field together with rice provides ducks with an ideal growing environment, protecting them from strong sunshine or heavy rain. While ducks help, through their activities in the paddy field, to interrow and fertilize the paddy field soil, to ecologically control rice diseases and pests, and to reduce the population of weeds and the emission of methane and nitrous oxide.
Many researchers have discussed the issue to reveal the potential significance of rice-duck integrated farming [3] [4] [5] . For example, Qin et al. proposed a methodology of population control modeling of cnaphalocrocis medinalis guenee in rice-duck integrated farming systems [6] . However, how many ducks should be bred in a given paddy field? How long should they grow together with rice in the paddy field? What can be done for a farmer to select a rational duck density and a reasonable complex cultivation and stocking span of time? That is one of the most important problems in practice. Jin et al. have investigated the effect of raising ducks in paddy field at a density of 180 ducks/hm 2 [7] . And there exists no literature contribution on the issue of integrated effect of duck density and complex cultivation and stocking time (called complex stocking time for short next) on economic and ecological benefits that can be attained.
In fact, the selection of duck density together with the complex stocking time for a rice-duck ecosystem may suffer from nonlinear relations between duck density and the net farming income and ecological benefits. Some factors are also characterized with uncertainty and not easy to describe and represent clearly. For example, the cost of the ducks stocking, which is essential for the decision of the duck density, is uncertain as the stochastic death rate is affected and constrained by the surroundings around the ecosystem and other factors, such as the climate, possible epidemics, and so on. As a result, the selection of the duck density and complex growing time is really complicated. Some scholars in related fields have discussed similar analysis and management problems [8] [9] [10] [11] [12] . For example, Kim et al. [13] proposed their optimal design and global sensitivity analysis of biomass supply chain networks for biofuels under high level of uncertainty in supply amounts, market demands, market prices, and processing technologies. Chami et al. [14] have discussed the impacts of combined technical and economic measures on water saving in agriculture based on a mathematical stochastic model able to represent uncertainty in water availability. Sun et al. [15] analyzed the uncertainty for the evaluation of agricultural soil quality based on digital soil maps. Haro et al. [16] proposed a method of stochastic hydroeconomic modeling for optimal management of agricultural groundwater nitrate pollution under the circumstance of hydraulic conductivity uncertainty. In a word, the problem can be solved based on some models according to the domain knowledge, experiments, and some statistical rules and estimates [17] [18] [19] .
This paper discusses the quantitative assessment and modeling of the duck density and complex stocking time in the rice-duck ecosystem in terms of economic and ecological benefits, addressing a methodology to select an optimal pair of duck density and complex stocking time based on the proposed mathematical models, which are solved by a hybrid intelligent algorithm NN-GA that integrates Neural Networks (NN) and Genetic Algorithm (GA), taking advantage of the fitting ability in nonlinear fitness context of NN and the optimization ability of GA. The rest of paper is organized as follows. Section 2 proposes the method and introduces the NN-GA algorithm after the problem statement. Section 3 presents numerical examples and analyzes the results to test the effectiveness of the proposed method. Finally, Section 4 concludes this paper and describes future research progress directions.
Method and Algorithm

Problem Statement.
Rice and ducks in the rice-duck integrated ecosystem can mutually promote their growth on condition that the duck density is of a rational size and that the complex stocking time is reasonable. According to agricultural knowledge and experience, given other natural conditions, means, and measures of management being the same in a rice-duck integrated farming ecosystem as those in a paddy system without duck complex stocking, the comparative benefits are decided mainly by two factors: one is the duck density, the other is the start and end time of duck complex stocking process in the paddy field. Raising too many ducks or the complex stocking time is too long in a certain paddy field can badly affect rice tillering, reduce the highest seedlings and efficient panicles, and even affect the rice with respect to panicle and maturity, which means a considerable reduction of rice yields. In addition, because there are not enough pests or weeds to feed such a large amount of ducks, some rice leaf may be their food inevitably. However, raising too few ducks or with too short a complex time prevents the potential economic and ecological returns being attained. Therefore, planning models are essential to make a reasonable selection of the duck density and complex stocking time.
In order to establish planning models, some assumptions and related concepts are given next.
Assumptions
(1) Select the traditional means of rice planting without duck complex stocking and growing together in the paddy field as the reference situation to make a better comparison, given the rest conditions being the same. We call the reference standard CK0 in this paper if no confusion arises, while we name a rice-duck integrated agroecosystem CK for short.
(2) Given the basic costs and outcome of CK and CK0 being the same, such as the cost of rice seeds and small farming equipments depreciation, financial supporting from the intergovernmental transfer system, rent and management costs of paddy fields. We neglect these parts when calculating and comparing the costs or outcome of CK and CK0, so the comparative benefits, namely, the extra economic and ecological benefits in CK compared with CK0, can be calculated.
(3) Suppose the starting point of the complex stocking is 7 to 10 days after the rice's transplantation when it turns green and the ducks are generally 15 to 20 days old, that is to say, it is from this time-point on that the riceduck complex agroecosystem is supposed to work. That is due to two facts: firstly, if stocking ducks in the rice field complexly with rice before it turns green, it will be greatly influenced by ducks; secondly, a little duck cannot grow into a service duck until it is 15 to 20 days old, for it ought to be trained to capture food and peck mud first. Consider mainly the effects of duck density and complex stocking time in paddy field when calculating the comparative benefits as shown in Section 2.4.
(4) Rice planting may pollute and change the environment due to excessive use of pesticides and chemical fertilizers, emission of methane and nitrous oxide, soil gleization of paddy field, soil erosion, and so on. When calculating the comparative benefits between CK and CK0, the costs of pesticides and chemical fertilizers reduced in CK because of the ducks' growing and activities in paddy fields are mainly considered and numerically calculated. Of course, there are other forms of contribution and effects of paddy ducks to the comparative benefits, such as the reductive emission of greenhouse gases, which are neglected and not analyzed in this paper.
(5) Consider the nearly pollution-free rice product in CK to be popular and generally more expensive than that is produced by CK0. Assume that the gap between their prices is 1.5 yuan/kg.
Basic Concepts
Definition 1. Duck density is defined as the ratio between the initial number of the ducklings and the size of the corresponding paddy field. Mathematically,
where denotes duck density, 0 is the initial number of the ducklings, is the area of paddy field (hm 2 ).
Definition 2. Duck's average survival rate is defined as the ratio between the number of the finally adult live ducks for sale or slaughter and that of the initial stocking ducklings. Mathematically it can be described as
where denotes duck average survival rate, is the number of the finally adult live ducks for sale or slaughter as food, and 0 is the initial number of the ducklings.
can be stochastically gained or calculated from the related data measured in the given paddy field or in the neighbor district in recent years. And is one the most important parameters to count and compare the total farming costs and income.
Establishment of Models
Parameters of the Models.
Besides the parameters introduced above, including , , and , the following is used in the established models.
, 0 are average prices of rice product in CK and CK0, respectively. According to Section 2.2, the relationship between and 0 can be expressed as
, 0 are average rice yields per hectare in CK and CK0, respectively.
, , and denote the prices of nitrogen, super phosphate, and potassium chloride, respectively.
General Comparative Benefits Model.
The farming in CK can generally make better economic and ecological benefits compared with the reference situations in CK0. It consists of the relative increase of production and income, such as the added value of the high-quality rice product, the income from duck stocking, the saving and reduction of the dosage of pesticides, and use of chemical fertilizers, subtracting the extra costs in CK due to duck raising, including the costs of the ducklings, duck feed, nylon net around the border of paddy field, duck sheds, and related manpower of feeding ducks, and keeping them safe and healthy. Therefore, the comparative economic and ecological benefits in CK when there is no special natural constraint from the paddy field and its surroundings based on the assumptions above are mathematically expressed as follows:
where Δ is the comparatively added value; Δ rice denotes the added value in term of the rice product in CK, which is generated from higher quality and the larger quantity of rice yields and can be expressed as
where denotes the average yields of rice per hectare and denotes the area of paddy field (hm 2 ).
duck denotes net income value of duck raising and is equal to the outcome of adult live ducks subtracting the costs due to duck raising; eco denotes the ecological benefits, including two parts, one is produced by duck dung eliminated in the paddy field whose value can be calculated by chemical fertilizers, the other is the value of pesticides reduced in CK comparing with the situations in CK0.
Furthermore, the three original parts of Δ in (4) can be connected closely with duck density and the complex stocking time . But the basic ranges of and ought to be defined first. According to agricultural knowledge, the rice's growth period is generally 110-150 days, and the rational and economic growth period of a typical kind of duck in the middle and lower reaches of Yangzi River is 42-50 days. Considering the main business and major purpose to produce rice, the complex stocking time in practice is always set to be 50-80 days due to two factors: on the one hand, when it is too short, ducks have little effects on the paddy field and on the grow and yields of rice and little ecological benefit can be attained; on the other hand, if the complex stocking time is too long, it is adverse for rice growing, leading to reduction of rice yields and impacts on the total economic and ecological benefits. That is to say, the range of the variable is the close interval [50, 80], namely, 50 ≤ ≤ 80. After that process, the ducks are collected from the paddy field and transferred to be fattened for sale or slaughter. In addition, the duck density cannot be too large, for too many ducks in the paddy field do not only help to control plant diseases and insert pests in the paddy field, but also tread on the rice plant, which leads to a great reduction of rice yields. In farming practice, the duck density is generally assumed to change from 0 to 600 ducks/hm 2 , namely, 0 < ≤ 600. Therefore, the discussion next in this paper is based on this premise, namely, 0 < ≤ 600, 50 ≤ ≤ 80.
(1) Calculating Δ and . Firstly, an experiment, complex cultivating rice and stocking ducks in paddy field for 80 days, has been done in the experimental zone of National Rice Research Institute of China to test the effect of duck density on the output of rice paddy and corresponding economic outcome [20] . According to the experimental data and regression analysis, the relation function between rice paddy yields and duck density , when is 80 days, can be attained; that is, ( , )| =80 = (−0.0103 2 + 2.6314 + 7569.4) .
And from the data, the relation function between the net value of ducks duck and duck density , when is equal to 80 days, can be expressed as duck ( , ) =80 = (−0.0096 2 + 11.3861 + 17.0857) ⋅ .
Secondly, based on (7) and (8), the relation function among , , and and the relation function among duck , , and can be attained as in the analysis next.
When the complex cultivating and stocking time is shorter than 80 days, for example, 70 days, the effect of the interaction of ducks and rice on rice yields has not made such a profound sense that the rice yields value must be multiplied by a dynamic coefficient changing with , which can be proximately expressed mathematically as
based on the analysis of information and data according to related reports [7] . In other words, rice paddy yields ( , ) can be expressed as follows:
On the contrary, when is shorter than 80 days but longer than 50 days, the net income of ducks is relatively higher than when is 80 days. When the complex stocking time exceeds 50 days, the ducks are usually more than 65 to 70 days old. But the rational period of duck growth is normally 42 to 50 days. So the ducks demands more food, but without much effect of adding to their weight in this growth stage. They have to be fed 2 or 3 times a day; otherwise, they may do harm to the rice by means of eating some leafs or grain of rice. According to farming experience, it can be supposed that a duck in this growth period consumes 0.1 kg feed a day by average, which costs man about 0.18 yuan. And the saved feed costs of stocking a duck for days compared with 80 days, 50 ≤ ≤ 80, are (80 − ) ⋅ 0.18 yuan. Considering duck average survival rate to be , the total saved cost of stocking ⋅ ducks for days is assumed to be (80 − )⋅0.18⋅ ⋅ ⋅ . Therefore, if the costs of relative extra manpower to feed them and the small changes of added weight of ducks are neglected, then the net value term duck can be attained based on (8) 
Finally, Δ rice is attained according to (3), (5) , and (9); that is,
(2) Calculating . The ecological benefits eco consist of two parts, which is described as
where eco1 denotes the value produced by the duck eliminations in the paddy field, which can be calculated by the value of equivalent chemical fertilizers, and eco2 denotes the value of pesticides and herbicides saved and reduced in CK when compared with CK0. Firstly, according to the reports of the technique of raising ducks in paddy field from China network of poultry disease, the average duck dung eliminated by each duck is about 10 kg if the duck stocking time in paddy field is not less than 80 days, containing N 0.049 kg, P 2 O 5 0.072 kg, and K 2 O 0.032 kg, whose value is to be calculated by equivalent chemical fertilizers, such as nitrogen (N-content percent is 46%), super phosphate (P 2 O 5 -content percent is about 17%), and potassium chloride (K 2 O-content percent is about 55%). Consider that in the earlier 50 days of complex stocking, when the ducks are in their relative younger growth period, the duck dung eliminated in these 50 days is added up to two fifths of the total number eliminated in 80 days, namely, 10 kg per duck; that is to say, the average duck dung eliminated by each duck in its earlier complex stocking period of 50 days is assumed to be 4 kg. Given the precondition 50 ≤ ≤ 80, when > 50, when the ducks are generally elder than 65 days, it can be supposed that the daily duck elimination reaches its top level in this growth period; that is to say, the average duck dung eliminated by each duck per day in this period is assumed to be (10 − 4)/30 kg. So the relation function among eco1 , and is described as follows:
where , , and denote the prices of nitrogen, super phosphate, and potassium chloride, respectively.
So (13) 
Secondly, the ducks growing in paddy field help to control plant diseases, insert pests, and amount of weeds ecologically.
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So, dosage of pesticides and herbicides are reduced to some extent whose equivalent value term eco2 can be numerically exemplified and stochastically calculated during the whole process of rice management. According to the tests and reports [21] , if duck density is about 300 ducks/hm 2 and the complex stocking time is between the interval [60, 80], the population of weeds in paddy field is so well controlled that there is no need of herbicides any more. Through experiments and tests, it has been observed that it is 100% effective in the prevention of Chilo suppressalis without using pesticides and the controlling effect on plant diseases and other pests is also obvious. Some researchers estimate that people can save 300 to 400 yuan/ hm 2 from the reduced pesticides and herbicides due to the integrated rice-duck farming [22] . But with the growing of rice shoots, the controlling effect of plant diseases and insert pests will be limited. Therefore, if 50 ≤ ≤ 80, the small changes of the disease and insert pests controlling effect due to the changing of can be neglected; that is to say, eco2 is assumed to be expressed with a simple function related only to the variable . According to surveys and observations, the relation function is supposed to be expressed as follows: 
Finally, eco can be attained when expressions (12) , (14) , and (15) are combined.
In a word, given a paddy field, the comparative economic and ecological benefits can be expressed by the relation function of and , and it can be calculated in the light of (4) with the help of (10)- (15) . If an optimal pair of (d, t) is selected, then the maximal comparative economic and ecological benefits, max Δ , can be achieved in CK, given other conditions being the same as those in CK0.
Comparative Benefits Model with Special Constraints.
In Section 2.4.2, there is no consideration of natural constraints, but in farming practice, some rice fields are not completely suitable to establish and keep a rice-duck complex ecosystem due to the handicap or constraints of certain natural or technical factors, such as the assessment of the probability of setting up and keeping or repairing the nylon net around the paddy field, the convenience and costs of irrigating, the difficulties of keeping ducks safe and protecting them against mice and other animals, and the natural demands and related constraints of rice and duck varieties. Subjective constraints of raising ducks in paddy fields have not been considered either. But in practice, there exists some impact of production intentions or political instructions. For example, considering the major business to attain high rice yields to feed the even larger population, some people and governments tend to set their goals of the minimal rice yields when making a decision of selecting a pair of duck density and complex stocking time. The special constraints like that can be reflected and described as the constraints of duck density , complex stocking time , or the relationship between and as follows:
Therefore, on the basis of above discussion, an integrated expression is given as follows:
where the calculations of all parts of Δ are the same as those in (4), but we now have to test the feasibility of the results according to the constraints expressed in expression (15) . For example, after overall considerations and assessment of all the circumstances about the expected rice's period of growth and natural factors of the paddy field, we come to a conclusion that the given paddy field is partly suitable to establish and keep a rice-duck integrated ecosystem and the constraints of and are described as 60 ≤ ≤ 80, ⋅ ≤ , < 300, (19) where is a constant, which means that due to some special constraints, the complex stocking time must be short enough if the farmer want to raise a relative large amount of ducks, or vice versa.
Expression (17) indicates that a sound pair of ( , ) is found and selected so that the max Δ , maximum comparative economic and ecological benefits, can be achieved under some objective or subjective constraints for integrated riceduck farming in practice.
Algorithm and Analysis.
The models proposed in Section 2.4 reveal the nonlinear relationship between benefits and duck density together with complex stocking time. Some algorithm can be applied to solve the problem, that is, to select an optimal pair of duck density and complex stocking time so that the maximum economic and ecological benefits should be made. Neural Networks do well in nonlinear fitting and have successfully been applied to solve a lot of complex problems in engineering, but a general Neural Network has some defects; for example, its connection weights and thresholds are randomly selected [23, 24] . Considering the Genetic Algorithm to have its advantage of optimization, a hybrid algorithm based on Neural Networks and the Genetic Algorithm is adopted.
Neural Networks (NN).
A NN can be logically divided into three layers, namely, the input layer, the hidden layer, and the output layer. Each layer consists of certain number of neurons linked by weighted connections to neurons of adjacent layers. NN can refer to [25, 26] in detail.
To apply a NN, it is crucial to make certain of the input and output variables and to set the number of neurons of the input and output layer. Firstly, the two decision variables are found out in this work, namely, duck density and span of complex stocking time. So, the number of input neurons is two in this work. Secondly, the number of output neurons is one. The output variable represents the comparative economic and ecological benefits, namely, Δ . Thirdly, the activation function in the hidden layer is defined as the sigmoid function here.
Genetic Algorithm (GA)
(1) Method Representation. In the duck density problem, a vector consisting of the duck density and complex stocking time , namely, = ( , ), is treated as a chromosome and a decision vector, where the ( , ) is a pair of data with certain constraints like expression (19) that are generated from farming experience and domain knowledge.
(2) Initialization and Coding Process. Randomly generate a chromosome = ( , ), and check its feasibility with the given changing ranges and constraints. If it is feasible, it can be accepted as a chromosome. Repeat this process until initial feasible chromosomes 1 , 2 , . . . , and are produced. Note that is the number of the chromosomes. The selection process is usually carried out based on a method named spinning the roulette wheel [25] . That is to say, a selection process is completed by means of calculating the fitness of the chromosomes, and the selection probability of an individual chromosome can be calculated as follows:
where = if the target is to find the maximum value, just like the situation in this paper to find the maximum comparative benefit. If > ( is a certain value generated randomly), then chromosome is selected as a copy. After the selection process, copies of chromosomes are copied and obtained. Note that is the number of copies of chromosomes.
(4) Crossover Process. In order to determine the parents for a crossover operation, the following process is executed repeatedly from = 1 to : generating a random number from the interval [0, 1], the chromosome is selected as a parent if < , where is the probability of crossover. Denote the selected parents by 1 , 2 , 3 , . . . and divide them into pairs, such as ( 1 , 2 ), ( 3 , 4 ) , and so on. The crossover process on each pair ( , +1 ) is illustrated as follows. Generate a random number from the open interval (0, 1); then the crossover operator on and +1 will produce two children and +1 in the following way:
If both children satisfy the constraints of the above models, then we replace the parents with them. Otherwise, we keep the feasible one if it exists, and redo the crossover operation by regenerating another real number from (0, 1) until two feasible children are obtained.
(5) Mutation Process. In order to determine the parents for a mutation operation, let us do the following process repeatedly from = 1 to : generating a random number from [0, 1]. The chromosome is selected as a parent under the condition of < , where is the probability of mutation.
Based on the above ideology, the GA algorithm has usually the following steps [27] .
Step 1. Initialize chromosomes, the probability of crossover , the probability of mutation , and the maximum generation maxgen.
Step 2. Update the chromosomes by crossover and mutation operations.
Step 3. Calculate the objective value and fitness of all chromosomes.
Step 4. Select the chromosomes by spinning the roulette wheel.
Step 5. Repeat steps 2-4 for a given number of cycles.
Step 6. Report the best fitness and corresponding chromosome as the optimal solution output.
Duck Density and Complex Stocking Time Selection Algorithm.
If Neural Networks (NN) and the Genetic Algorithm (GA) are integrated and optimized, then a hybrid intelligent optimization algorithm named NN-GA can be attained. It is on the basis of the following idea and methodology: to begin with, based on the feature of actual problem of duck density and complex stocking time and related knowledge of NN, an appropriate NN model together with its parameters is established and its prediction result is reported through the output. Secondly, the prediction output of NN is considered as the fitness value of a chromosome in GA. And then the selection, crossover, and mutation operations of GA are executed accordingly. The algorithm flow does not end until the given maximum generation is reached. Finally, the best fitness and its corresponding chromosome is selected and reported as the optimal solution of the problem to select a suitable pair of duck density and complex stocking time. Its basic steps are as follows [28] .
Step 1. Initialize the parameters of NN and GA structures, including the initialization of the number of input, hidden Mathematical Problems in Engineering 7 and output layers neurons, and the weight vector in NN, the initialization of , the probability of crossover , probability of mutation , and the maximum generation maxgen in GA. Determine the code length of chromosomes in GA.
Step 2. Generate training input-output data of NN based on the practical problem of duck density.
Step 3. Train the NN to approximate the fitness function of the actual problem and save its results.
Step 4. Initialize chromosomes of GA.
Step 5. Calculate the fitness values for all chromosomes by the trained Neural Network.
Step 6. Select chromosomes by spinning the roulette wheel.
Step 7. Update the chromosomes by crossover and mutation operations.
Step 8. Repeat steps 5-7 for a given number of cycles; namely, repeat maximum generation times.
Step 9. Report the best fitness and the corresponding chromosome as the optimal solution of the practical problem.
The above algorithm has been implemented in the program in MATLAB 2009a.
Results and Discussion
Numerical Examples and Results.
Considering the problem for a rice-duck complex ecosystem in a paddy field in the suburb of Changsha in China, the rice field is about 1 hm 2 . And its irrigation and other conditions are relatively good for rice-duck integrating farming. The parameters of the NN are given in Section 2.5.1. The parameters of the hybrid algorithm NN-GA are set as follows: the population size is 20, the maximum number of generations maxgen is 100, the probability of crossover is 0.4, and the probability of mutation is 0.2. And the parameters of the established models are assumed according to the farming experiences and current market information, which are typically set as the follows: 0 is 7642 kg/hm 2 , 0 is 2 yuan/kg, is 0.9, is 2.1 yuan/kg, is 1.2 yuan/kg, and is 2.95 yuan/kg. Example 1. Consider a farmer who wants to establish a riceduck complex ecosystem in his rice paddy field in the suburb of Changsha, which is completely suitable for establishment of a rice-duck complex system. And the minimal Δ is set to be 1,000 yuan. After the algorithm is executed, the following results are reported from its output: max Δ = 1.4585 × 10 4 , ( , ) = (266, 70) .
It denotes that the selection of duck density is 266 ducks/hm 2 , the complex cultivating and stocking time span is 70 days, and the maximum value term of comparative economic and ecological benefits is 1.4585 × 10 4 yuan/hm 2 .
Yu et al. [20] have tested the effects of the duck density on rice yields and total economic benefits by means of experiments and analysis. With respect to economic benefits, they suggest the appropriate duck density set in the closed interval [250, 325] . It is consistent with our study. It indicates that the proposed models are feasible.
Example 2. A decision-maker for ecological agriculture hopes to establish a rice-duck complex ecosystem. After analyzing the natural conditions of the rice field, the growing periods and characteristics of certain rice, and duck varieties, he finds that the duck density and complex stocking time problem satisfies the following constraints: 
After the algorithm is executed, the following results can be obtained:
It suggests that he can make the following selection and decision: duck-density should be set to be 158 ducks/hm 2 and the span should set to be 64 days. The value of the maximum comparative economic and ecological benefits is 1.1938 × 10 4 yuan/hm 2 . Further test is made in the light of the proposed models. After initializing the NN structure and the parameters of GA, the following process is experienced. Firstly, select 4000 group of ( , , Δ ) satisfying the two conditions 0 < ≤ 650 and 50 ≤ ≤ 80; randomly choose 3900 groups of them as training data, while the other 100 groups as test data of NN. Secondly, treat and use the testing output of the trained NN as the fitness of chromosomes in GA for optimization in terms of the algorithm discussed in Section 2. Note that it is vital to test the feasibility of chromosomes whether they satisfy the constraint of ⋅ ≤ 10080. Finally, get output information about the best fitness, namely, the maximum of comparative benefits Δ , and the corresponding chromosome, namely, the suggested duck density and stocking time in the paddy field, after the proposed algorithm has executed. The optimal output of GA is shown as Figure 1. 
Discussion of the Results.
It can be seen from Figure 1 that after evolving about 40 generations, the best fitness of each generation, "Bestfitness" in Figure 1 , reaches its stable level, that is 1.1938 × 10 4 , which denotes the digital value of the maximum comparative economic and ecological benefits. And after evolving for about 87 generations, the average fitness of each generation, "Avgfitness" in Figure 1 , reaches its stable value, which is proximately reaching and coinciding with the curve of the best fitness. It means that with evolution, the adaptability and fitness of the individuals are getting better. These reveal that the proposed method is feasible with rational results.
Conclusion
Rice-duck integrated farming is an effective way and will play an important role in modern bioagriculture, which is characterized with its cleaner and green production and with good ecological effectiveness and benefits. The problem of duck density and stocking time in the rice-duck complex ecosystem is important to promote the development of modern resource-thrift and environment-friendly agriculture, which helps to achieve better economic and ecological benefits. In order to make reasonable suggestions and provide rational reference with respect to this kind of problem, planning models are established on the basis of related domain knowledge, experiments, and exiting researches. Then a hybrid intelligent algorithm, NN-GA, integrating Neural Network (NN) and Genetic Algorithm (GA) is introduced to solve the established models, taking advantage of the nonlinear mapping and fitness ability of NN and the optimization ability of GA. The tests and examples indicate that the proposed method is feasible. The methodology proposed in this work can also serve as a reference for economic and ecological benefits quantitative analysis and assessment of other green and cleaner agroproduction systems, such as the rice-duckfish or rice-duck-clam complex agroecosystem.
However, there are some limitations with the proposed method. Some data, especially actual data about the effect of complex cultivating and stocking time on economic and ecological benefits, needs to be collected and further analyzed in order to provide better support for the problem. In addition, due to the activities of the paddy ducks, there exists a relative reduction of greenhouse gases emitted from the rice field, which makes ecological benefits too. Thus this ought to be counted in a proper way in future studies. Moreover, their related factors control problems in the riceduck agroecosystem should be considered.
